The attenuation of surface gravity waves is an important process associated with air-sea and wave-current interactions. Here we investigate experimentally the attenuation of monochromatic surface gravity waves due to the presence of various surface covers. The surface covers are fixed in space such that they do not advect with the wave motion and are selected such that the bending modulus is negligible for the wave frequencies used in the experiment in order to minimize any flexural effects. Wave attenuation rates are found to be independent of wave steepness and the type of cover used over the tested parameter range. Results are consistent with the theoretical attenuation rate for an inextensible surface cover.
ice there are many processes which also attenuate energy such as scattering 23 from ice floes [18] and ice creep [19] , which might contribute. These observa-24 tions are limited to oceanic conditions and often the argument is made that 25 the boundary layer is turbulent, predominantly due to the ridges and keels 26 present under the ice, and hence the larger eddy viscosity is justified on these 27 grounds (see [3] ).
28
While laboratory experiments of wave attenuation involving clean wa-29 ter (see [12] and references therein) and water in the presence of surfactants 30 (see [2] ) have been performed, there has been little attention paid to investi-31 gating inextensible surface covers. More recently, it has been shown by [13] 32 that observations of the attenuation of ocean swell by [20] and [21] are con-33 sistent with the theoretical attenuation rate of an inextensible surface cover.
34
However, the physics as to why swell attenuation is best modelled by an 35 inextensible surface cover is not clear.
36
The main objective of this study is to investigate the attenuation of 37 monochromatic surface waves due to the presence of an inextensible sur-38 face cover. The paper is outlined as follows: a brief review of the theoretical 39 background for wave attenuation is described in section 2. A description 40 of the experimental setup is presented in section 3. Section 4 presents the 41 results of the experiment followed a summary and discussion in section 5. 
where a is the wave amplitude, x is the distance along the wave flume, and 
50
In the absence of a boundary layer, whether it be at the surface or due to 51 the finite dimensions of a wave flume, the temporal wave attenuation rate,
52
as given by [5] , is
where t is time, ν is the kinematic viscosity, and k is the wave number. It is 54 often difficult to clean the surface sufficiently such that there are no particles
55
or natural surfactants present, and thus the clean water attenuation rates 56 are difficult to obtain in wave flumes, see [13] .
57
In the presence of a surface film, the wave attenuation is greater than
58
(2) as the film acts to enhance vorticity in the boundary layer created by 59 the film. In the inextensible limit the boundary condition is assumed to be 60 no-slip and the wave attenuation, as given by [5] , is
where γ = ω/2ν is the inverse boundary layer thickness [5] .
62
The temporal attenuation rate in (2) and (3) can be related to the spatial 63 attenuation rate by using the relation of Gaster [24], i.e.
where β is the temporal attenuation rate, as shown in (2) and (3), α is the 65 spatial attenuation rate, and c g = ∂ω/∂k is the group velocity. Using (4) 66 with (2) and (3) gives the spatial attenuation rates for clean water,
and
for the inextensible surface cover.
69
In general, the ratio (k/γ), which is the ratio of the boundary layer thick-70 ness to the wavelength, is small with k/γ = 2 × 10 −3 for a 1 Hz deep water 71 wave and k/γ = 2 × 10 −2 for a 5 Hz deep water wave. It can easily be 
where Γ is defined as
and E is the non-dimensional elasticity
E is the film elasticity, ρ is the fluid density and F = 1 − 2E + 2E 2 . The 79 theoretical attenuation rate for an elastic surface cover is shown in Fig. 1 .
The resonance frequency derived by [2, their equation (6)] differs by a factor 89 of ρ 1/5 from (10), which can be reasoned from dimensional grounds to be a 90 typo in their manuscript.
91
The difference in deriving (5), (6) and (7) 
where ∆x is the surface strain. In the absence of surface contamination 95 E = 0 and τ = 0. In the inextensible limit E → ∞, which implies ∆x → 0
96
in order for τ to be finite. This limit implies that the no-slip condition 
where ρ a and ν a is the density and kinematic viscosity of the air. The dy- 
113
For laboratory experiments, the finite dimensions of the wave flume will 114 contribute additional wave attenuation [22] with an attenuation rate of
where H is the water depth and B is the width of the wave flume. This 116 attenuation is due to the boundary layer dissipation and is O(k/γ) and can 117 assumed to be negligible for large kH for bottom dissipation and for large 118 kB for sidewall attenuation. 
Linear dispersion relation

120
The dispersion relation for the surface transverse wave under a cover of
where H is the water depth (H → ∞ in Fig. 1 array consisted of 3 wave gauges equally spaced 1.8 m apart from each other.
159
The array was traversed along the length of the wave flume at discrete time 
Results
The wave elevation along the wave flume is calculated using
where S(f ) is the wave spectrum, f 0 is the forcing frequency and ∆f the 175 bandwidth of the wave spectrum and is chosen to be ∆f = 0.1 Hz. Our 
Summary and Discussion
200
Presented is a series of laboratory experiments using fixed surface covers
201
to valid wave attenuation due to an inextensible cover. The surface cover 202 had to be sufficiently flexible to follow the surface of the propagating waves. and can safely be ignored.
229
The elasticity of the surface cover has been ignored in our calculations,
230
but there will exist a certain frequency range where it might be important.
231
In order to estimate the film elasticity we need to linearize the bulk modulus 232 of the sheet. Since the bulk modulus is defined as
where A is the cross-sectional area, ∆x is the extension and x 0 is the length,
234
and we want something of the form (11), it is trivial to show that
Taking the Young modulus for the thin latex sheet to be Y = 1. 
239
Elastic effects on wave attenuation are tested by a least-squares fit of the 240 observed attenuation rate to (7) and allowing E and ν to be free parameters.
241
The best fit for each cover is shown in Fig. 6 . In all cases, the best-fit
242
value for E is greater than 100 N/m, which has a negligible difference on 243 the attenuation curves over the frequency range used in this experiment.
244 Figure 7a shows E as a function of f for different values of E and Fig. 7b 245 shows the multiplier Γ in (7) as a function of E. For frequencies used in 246 the lab, E > 5 N/m leads to values of E > 10 (Fig. 7a) , which is in the 247 inextensible limit (Fig. 7b) . The best-fit values for ν are larger than the 248 expected value of ν = 1.1 × 10 −6 , but within two standard deviations (95% 249 confidence) with the exception of the polypropylene cover which is three 250 standard deviations larger. ocean lab 
